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1. SUMMARY

A multi-cellular orgénism maintains its homeostatic control of cell funec-
tion, within and between tissues and organs, by the process of {ntercellular
communication. Thne transfer of ions and small molecules (5 form of chemical
information) between touching cells is mediated by the structure called a gap
Junction. The objective of this research préject has been to develop and vali-
date several techniques to measure gap junctional communication in mammalian and
hﬁman cells grown in culture in order to siudy now various toxic chemica;s can
block this form of intercellular communication: After.the first year on the
project, results have been accrued to further validate the "metabolic coépera—
ﬁion" assay to detect Several chemiéal tumor promoters and neurotoxins (li.e.,
polybrominated biphenyls, biological toxins, dieldrin). In addition, we have
shown th;t a new la;er-based technology, "fluorescent récovery after photo-
bleaching®™, c¢an be used to measure chemicals thcn inhibit gap Junction
function., More recently, we have develoﬁea.tuo more new technologles to measure
intercellular communication, namely "scrape—;oa&lng/dye transfer” and "flow
cytometry-scrape~loading/dye trapsrer." These latter techniques are based on
the principle of putting fluorescent dye molecules in living cells (as tracers)
which can only go from cell to cell via gap junctions. Cells are acraped with a
sharp probe {n the ﬁreseﬁce of the dye, the dye ¢nters the cell, the meerane
heals trapping the'dye. If the cells are able to communicate, the dye is.
tranaferred to néigrboring cells. If they can not, the dye remains in the
origiﬁal cell. Finally, we are now starting'biochemical experiments to study

ho# chemicals, which inhibit intercellular communication, are acting..




'« RESEARCH Q3JECTIVES

The original objectives of this proposal were to study the basic mechanisms
ontrolling gap Junctionél 1ntercellular~comnunicazioﬁ in sammalian cells. To
.xeeting this obJective.‘severai specific aims were proposed:

1. To continue to validate the established "metabolic cooperation” assay
to measure gap junctional comm;nication and to test the hypothesis
that chemical inhibition of intercellular communication plays a role
in teratogenesis, tumor promotion and neurotoxicology. |

2. To develop new assays to measure gap junctional {ntercellular communi-
cation.

3. To s;ddy the potential role of protein kinase C and pfotein phospnoryf
lation inﬁgap Junction function.

8, To isolat§ gap Jjunction proteins for the production of antibadies to
be used to study gap. junction runcﬁion. '

5. To study the possible role of oxyqen-radical; and caleium in the
regulation of gap Juﬁccioﬁ runétion.

. STATUS OF ﬁESEARCB

At the eﬁd’or_thts first year of the grant, several aims have been met and
nitiation of several other aims ﬁavevstarted. Most importantly, several
aexpected ﬁiscoveries h&ve been made in the development of sophisticated new
achniques to measure gap junction function.

Alm 1 Validation of Metabolic Cooperation Assay to deﬁect chemical

inhibitors of gap junctional communication.

(a) Ve have succeeded in demonstrating that a human teratocar-
clnomé metabolice cooperation' assay could detect
polybrominated biphenyls, a known animal liver tumor promo-
ter, The significance of this findiné is that we now have

an in vitro assay potentlially capable in detecting human




(o)

(c)

for publication in Fund. Appl. Toxicol.

To further vallidate the Chinese hamster V79 metabolic co-
operation, we were able to demonstrate the assay could
detect, in a dose response manner, several biological toxins
(i.e., aplysiatoxin, anhydrodebromoaphysiatoxin, debromoé-
pnysiatoxin, T2-toxin, and vomitoxin) as inhibitors of gap
Junctional intercellular communication at non-cytotoxic
doses; The significance of these findingé is that,‘for the
first time, a cellular mechanism for the toxic effects of
these biological molecules has been described. A paper has

been submitted and accepted in Cell Biol. & Toxicol.

Many heavy metals are known Lo cause severe toxic effects in
animals and humans, yet they have not been shown to Dbe
genotoxié. Using our Chinese hamster V79 metabolic coopera-
tion assay, we have shown that arsenic acid, merzuric
chloride, lead acetate and nickeious chloride all }nhibited
gap‘Junciional communiéation at non-cytotoxic levels. A

paper has been prepared and submitted for publication.

Alm 2 Development of New Assays to Detect Gap Junctional Intercellular

Communication.

(a)

A sicnificant breakthrough has been made to measure gap
Junctional communication. We have deieloped this new tecﬁ-
nique based on the principle of putting two fluorescent dyes
into living cells by scraping a monolayer of cells {n the
presence of the dyes (which can not penetrate living cells).

The cells along the wound line have thelr membranes tempor-




arily disrupted, allowing the dye to ru#h'in. The membrane
re~heals and traps the 2 d}es in the cell. One dye, lucifer
yellow is a small molecular weight molecule which can go
through gap junctions, while rhodamine-red dextran is a
large mclecule which can not go through gap junctions. At
time zero, using a fluorescent microscoje with two filters,
dye mdlecules are seen only in the cells along ths wound'
line. If the cells are able to communicate, in time, the
lucifer yellow can diffuse away from the edge, thle the
rhodamine red sta&s at the edge. If the cells can not
‘commuriicate, both dyes are found a; the edge of the wouhd.
The significance of this finding is (1). it is a inexpensive
and quick assay‘ to detect cheu:'i.ca.ls~ which inhibit intercel-
lular cemmunication; and (2) {t can be used on any kind of
cell type. A manuscript has ﬁeen cubmitted and aécepted in
Exp. Cell Res.

(b) 1In c;ollaboracion with a group at the University of
Washington, we have combined the scrape-loading/dye transfer
technique in the rlowlcytometer_to come up with a v;ry
'sophlsuca'ted Way to quantitate gap junctional intercellular
communication. The principle of the technique is, first, to
scrape load fluorescent dyes into cells. Initially loaded
donor cells will be identified by having both dyes in them.
The recipients of dye transfer will have only lucifer
yellow. The laser-assisted cell sort thgn can sortAand
quantitatively analyze the cells. We are now finishing up a
series of experim?nts which ought to be prepared‘ror

publication in the 1/2 of the second year of the grant.
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junction function.

Since many tumor promoters, growth factors and naurotransmitters

have been shown to trigger their cellular effects by activating

the PKC enzyme, we feel that it is important to test the.

hypothesis that the chemical inhibition of gap junction function
could be mediated by PK-C'pnosphorylatLon of the gap junction
protein (on the regulators of gap junctions).

We have recently hired Dr. Saw Yin Oh-to set up the PKC assay.
She.and Dr. B.V. Madhukar, who is developing the electrophoretic
systems to detegt the phosphorylation on gap junction proteins,
are now at the point where both as#ay systems haye been
calibrated in our laboratory and are working well. As of this
point, p;eliminary experiments are bging done to éorrel;te tﬁe
effect ofba tumor promoter in PKC ;ctivity in the rat liver WB
cell line and with the inhlbitioﬁ of gap Jjunctional

communication. At the rate of thls initial progress, we should

have an answer to our aim in the next 3ix months.

Aim 4

PPNY - —

Isolation of gap juncfion ﬁroteins for the production of
antlbodies.

The most direct approgch to the study of chemical effects on
cells is witﬁ the use of biochemical mutants and with antibodies
io specific proteins._ Since gaﬁ Junctfoh proteins sre being
implicated in the mecnanisd 6: chemical‘toxicity, and since
antibodies to these proteins are not commercially avallable (nor
available from other research laboratories), we are left with

preparing them ourselves,




Dr. B.V. Madhukar has already started to characterize the gap
Junction protein electrophoretically. He now is growing up grams
of cells, isolating the gap junction fraction. We will have to

have freeze-fracture analysis of the pellet and then, if con-

e e '—ﬂ-‘LL—- .

firmed, antibodies will be made to this fraction. Work has
progressed to the collection of the gap Jjunction protein stage. 1

The next six months should bring us to the point of having an

antibody for molecular and biological characterization.

Aim 5 Role of oxygen-radicals and calcium in the regulation of gap

Junction function.

Qne of the current biochemical mechanisms proposed as the !':a:s‘i.sl
for tumor promotion (and therefore, inhibition of intercellular
communication) is the chemical induction of varieu; oxygen radi-
cal species. \

We have started a series of experiments to test this hypothesis
by using the xanthine/xanthine oxidase systes to 'ge_nerace ti\e
oxygen radilcals in a human heratinocyte cell system and to check
if these radicals inhibit {ntercellular communication at non—
cytotoxic doses.

Our preliminary experiments are now in progress. We must first
determine the dose level of the xanthine/xanthine oxidase to use
and {ts duration. We will use the scrape;loading/dyé transfer
technique to measure gap junctional communicat'on. A.;s soonwas
these parameters are determined, work should pregress rapidly i(n
the next year. '

The significance of this research relates to the major importance

being placed on oxygen radicals and blological toxic effects.
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'New Discoveries, Inventions, Patent Disclosures and Specific Applications.

a. During this first 12 months we have made extraordinary observations
leading to new, inexpensive in vitro assays to measure chemical
modulation of cell-cell communication. They have the potential of
being used for screening assays to detect non-genotoxic but toxic
chemicals.

Additicnal Statements Regarding Status of Project

Because of the support of the AFOSR for this project, we have been
able to re-start and re-train new personnel to work on this important
area of research which our laboratory originally discovered. The
significance of our research was recently highlighted by an article in
Scierce by C.Y. Nishizuka "Studies and Perspectives of Protein Kinase
<", Vol. 233:305-311, 1986, when he stated: "...and, .o add a new
dimensionr essential to our understanding of cell-cell communication.”
(See Appendix].
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